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Supplementary Methods

Density Functional Theory Calculations
The primary representative semiconducting species studied by DFT were the (7, 5) and (10, 8) species, whereas the primary metallic species was the (9,9) m-SWCNT. For the calculations of the electronic Density of States (DOS), the (500×1×1), (40×1×1) and (20×1×1) Γ-centered k-points samplings were used for (9,9), (7, 5) and (10,8) SWCNT, respectively, and a Gaussian broadening of 0.02 eV was applied. In order to rule out possible effects due to the reduced size of the unit cell of the (9, 9) , calculations were also carried out on the zigzag (10,0) and (16,0) s-SWCNTs, which have similar diameters to the (7, 5) and (10,9) s-SWCNTs, respectively, but much smaller unit cells, similar in size to the (9,9) m-SWCNT. Supplementary Figure 1 shows the unit cells of the five main SWCNT chiralities considered in the DFT calculations.
Supplementary Figure 1 | Unit cells of single--walled carbon nanotubes (SWCNTs) considered in
this study. The DOS and Seebeck coefficient were also calculated for the (10,0) and (16,0) s--SWCNTs to provide confirmation that the low Seebeck value obtained for the (9,9) m--SWCNT could be attributed to their metallic character and did not result from effects related to the smaller (9,9) unit cell. 
Calculations of the Seebeck Coefficient
In the diffusive transport regime, the thermopower can be expressed with the Mott formula:
The energy-dependent electrical conductivity is given by σ(E) = e 2 N e (E)D(E), a product of the DOS and diffusion constant, which both depend on energy. In the low-temperature approximation, the thermpower value can be expressed as a log term (Supplementary Equation 2) : (2) and the thermopower approximately equates to the addition of a ballistic term and a diffusive term, α ≈ α ball + α diff . Thus the total thermopower can be written as:
where the first term describes the ballistic contribution, due to the shape of the DOS, and the second term describes the diffusive contribution. For this study, we have calculated only the ballistic contribution to the thermopower although we are actively investigating approaches to determine the contribution from the diffusive component. Initial work suggests that the diffusive term is a simple constant with the same sign as the ballistic term, meaning that the total achievable thermopower may be slightly larger than is estimated here. 
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Calculating the Electronic Band Gaps of SWCNTs
The electronic band gap (E g,elec ) is determined by the addition of the optical band gap (E g,opt ) and the exciton binding energy (E b ), assuming a dielectric constant ε =4: i.e., E g,elec = 
where d is the SWCNT diameter in nm and ξ = (-1) ν .cos(3θ/d), where ν = (n -m) mod 3. 
Quantifying the Bleach of the S 11 Absorption Band
The reduction in the intensity (bleach) of the S 11 absorption band provides a qualitative indication of carrier doping on the carbon nanotubes, where the magnitude of the bleach is dependent on the carrier doping density (i.e., larger carrier densities result in more pronounced bleaching). The relative bleach of the S 11 absorption band, ΔA/A 0 (S 11 ), is given (5) where Area S 11 undoped and Area S 11 undoped are the areas under the S 11 absorption peak for the undoped and doped samples, respectively. As we show below, we are able to correlate the shift in energy of the C1s peak, as measured by XPS, with a shift in the Fermi level, ΔE f , of the samples as a function of doping. This allows us to correlate ΔA/A 0 (S 11 ) with ΔE f (see Figure   3g in the main manuscript) and subsequently to compare the experimentally measured
Seebeck values with those predicted by DFT calculations (vide supra) as a function of a shift in the Fermi level (see Figure 4e in the main manuscript).
While it is difficult to directly correlate ΔA/A 0 (S 11 ) with the actual carrier density within the s-SWCNT film for a broad range of injected carrier densities, we can estimate the carrier density within a fully doped film based on the approximate size of the exciton. To fully bleach the S 11 exciton, the carrier density (per unit length of SWCNT) will be such that there is approximately one hole per unit length L cor , where L cor is the correlation length, or exciton size. L cor has been determined to be in the range of ~2 nm 3 , so full S 11 bleaching occurs for hole densities in the range of ~0.5 nm -1 . The absorbance cross section of (7,5) SWCNTs has been estimated experimentally to be in the range of ~1.6 × 10 17 cm 2 /C atom 4 , and the number of atoms per nanometer of SWCNT can be determined geometrically to be [119.
Using the absorbance coefficient of our films and a full-packed SWCNT density (for (7, 5) SWCNTs) of ~1.12 g/cm 3 , we can estimate that our films have a density of ~0.42 g/cm 3 (~40% filling fraction). Since (7, 5) SWCNTs have ~99 C atoms/nm, this density translates to a carrier density of ~1 × 10 20 holes/cm 3 for a fully doped SWCNT thin film.
Optoelectronic properties of heavily doped polymer:LV s--SWCNT networks
To further confirm that the PF-based wrapping polymer does not play a significant role in the transport properties within a film, we performed a comparison of the basic charge transport properties of PF-wrapped LV s-SWCNT films with the transport properties of LV SWCNT films prepared without PF polymers. To prepare our state-of-the-art transparent conducting SWCNT films, we first spray-coat mixed (1/3 metallic, 2/3 semiconducting)
SWCNTs that are dispersed with carboxymethyl cellulose (CMC) in aqueous suspension 5 .
The CMC is then digested from the film with nitric acid, leaving a well-connected network of heavily of merit for these transparent SWCNT films, the optical transmittance at 550 nm (T550) and sheet resistance (R sh in Ω/sq.) in Supplementary Figure 3 . Importantly, the T550/R sh values for heavily doped LV s-SWCNT networks employing both PFH-A and PFO-BPy polymers follow the same trend as our state-of-the-art p-type films based on the CMC process. This correlation suggests that the PF-based wrapping polymer does not hamper (or enhance) hole transport within the p-type s-SWCNT films. We also compared the temperature-dependent resistance of heavily doped PF-wrapped LV s-SWCNT films to that of SWCNT films prepared without PF (not shown). In all cases, the resistance decreases with increasing temperature, indicating a thermally activated conduction mechanism that we have previously ascribed to barriers associated with tube-tube junctions. Again, the correlation between the samples indicates that the PF-based wrapping polymer is not establishing an appreciable barrier to charge transport between SWCNTs. Taken together, these experiments help to confirm that the electrical properties measured in Figure 4 are not appreciably influenced by the PF wrapping polymer, and instead result from the intrinsic properties of the s-SWCNTs in the film, namely the SWCNT electronic structure, dopant-controlled Fermi level, and intertube potential barriers. Red and purple triangles are for films prepared in this study from either PFH--A or PFO--BPy dispersions, respectively. Following ultrasonic spray deposition, the films are soaked in toluene to remove excess polymer and then doped strongly p--type by soaking in > 2 mg/ml OA in dichloroethane at 78 °C.
Polymer doping and polaron formation at high doping densities
At very high doping densities of the polymer:s-SWCNT networks there is also a decrease in the intensity of the lowest energy absorption band attributed to the polymer, and the appearance of a red-shifted shoulder in the absorption spectrum. Supplementary Figure 4 shows that these observations can be attributed to p-type doping of the polymer, since codissolving the triethyloxonium hexachloroantimonate dopant into a dichloroethance solution of the polymer (both for PFH-A and PFO-BPy) gives rise to the same spectral features.
These control experiments were carried out in the solution phase to avoid complications arising from spectral features due to interchain interactions in the solid state. Supplementary To rationalize the doping behavior of the polyfluorene polymers, we consider the valence level offsets between one of our model systems: PFO and the (7,5) s-SWCNT. The study of Schuettfort et al. 6 estimated the valence level offset to be ~500 meV for the (7,5) SWCNT.
From our own previous microwave conductivity studies looking at charge transfer between SWCNTs and fullerenes, we have estimated the (9,7) ionization potential to be in the range of 5.18 eV 7 . Taking into account the difference in electronic band gaps of the (9,7) and (7, 5) SWCNTs, this places the ionization potential of the (7,5) SWCNT in the range of ~5.36 eV. In the electrochemical study of Janietz et al. 8 , they find an ionization potential of ~5.8 eV for PFO. This translates to an estimated offset of ~440 meV between the (7,5) SWCNTs and PFO. This offset would grow to ~600 meV for the LV SWCNTs studied here.
With regards to doping of the polymer, this implies that the polymer should not be significantly doped until fairly large shifts in the Fermi level. We can see the doping of the polymer only at very high doping levels (ΔE F > ca. 500 meV) in two ways. Firstly, we can see in the absorbance spectra that the fluorene-based polymers are doped by OA at high surface concentrations of OA, i.e. the highest doping levels (Figures 3a, 3b, and S5 ). This is evidenced by a reduction in the oscillator strength of the polymer absorption in the range of 400 nm and the growth of new features at longer wavelengths that correspond to the positive polaron absorption of the hole-doped polymers.
We can also see the doping of the polymer by a sudden change in the FWHM in the XPS C1s peak. Supplementary Figure 5 (top) shows XPS spectra of intrinsic and heavily OAdoped PFO or PFO/ (7, 5) . The PFO spectra demonstrate that the C1s spectrum of the PFO/(7,5) sample has a small contribution to the PFO C1s peak, and that at high doping, the PFO peak is shifted by the same amount as the SWCNT peak (~0.6 eV), although the signal within the PFO/SWCNT film is dominated by the s-SWCNTs. Since core electron energies in the XPS measurement are referenced to the energy of the Fermi level (E F ), this large red shift in C 1s energy (E C1s ) results directly from a shift of E F (ΔE F ) towards the valence band (p-type doping). Interestingly, we find a similar energetic shift for the Cl XPS peaks with increasing Cl:C ratio, but with an opposite sign to the shift observed for the C 1s spectrum.
In contrast, no shift occurs for the Sb XPS peaks. These observations suggest that the primary charge transfer complex formed in the OA doping process involves a complex between the SWCNT sidewall and Cl atoms. 
Correlation between Fermi--level Shift and S 11 Absorption Bleach
Correlation of XPS and absorbance data for a series of controllably doped films allows calibration of the Fermi level shift (ΔE F ) as a function of the relative bleach of the S 11 absorption transition (see Figure 3g in the main manuscript). Here, ΔE F is calculated according to the shift in E C1s between the undoped and doped s-SWCNT networks, i.e., ΔE F = E C1s,undoped -E C1s,doped , and ΔA/A 0 (S 11 ) is calculated as described above. The data in Figure   3g in the main manuscript are best fit by a power law, which qualitatively matches the 
Antimony:Chlorine Ratio of OA--doped s--SWCNT Networks
As shown in Figure 3e of the main manuscript, the antimony:carbon (Sb:C) and chlorine:carbon (Cl:C) ratios both exhibit the same dependence on the relative bleach of the S 11 absorption band, ΔA/A 0 (S 11 ), i.e., the extent of doping. However, we find that the Cl:Sb ratio is always significantly lower than that expected for the [SbCl 6 ] -anion, and is typically in the range of ~0.6 -0.95 (Supplementary Figure 7) . This contrasts with the supposition of initial studies on OA doping of SWCNTs that suggested the formation of a charge-transfer complex between the oxidized SWCNT and the intact hexachloroantimonate [SbCl 6 ] -anion 9 .
Our observation suggests that the [SbCl 6 ] -anion undergoes a significant amount of decomposition as a result of interacting with the SWCNT sidewall in the doping process.
This significant change in the apparent chemistry of the doping process is not the focus of this study but warrants further investigation, particularly in light of any impact the decomposition products may have on the long-term stability of doped polymer:s-SWCNT networks and/or phonon scattering in the doped networks (e.g. Fig. 4f ). 
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Apparent "hysteresis" in thermoelectric properties
During our studies we have noticed that the thermopower and thermoelectric power factor as a function of the electrical conductivity do not always follow the exact same trends when a sample is doped sequentially or de-doped from its fully doped state. Supplementary Figure 8 shows this "hysteresis", the origin of which is currently unknown, for two PFH-A:HiPCO networks. Interestingly, the peak power factor that can be achieved appears to be independent of the doping protocol. This has potential implications for the fabrication of thermoelectric generators composed of doped carbon nanotube networks, since it suggests that the path followed to reach the target doping density is unimportant in determining the optimal performance. The impact of the doping protocol followed to tune the carrier density (electrical conductivity) on (a) the thermopower and (b) the thermoelectric power factor. The latter shows that the peak power factor is independent of the direction in which the carrier density is tuned.
Temperature--dependent thermoelectric measurements
We employ a micromachined suspended Si-N thermal isolation platform measurement technique (Supplementary Figure 9) to measure the raw thermal conductance data (Supplementary Figure 10a) , which is subsequently used to calculate the thermal conductivity data presented in Supplementary Figure 10b 
